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况下 TFF1 不表达的组织中发生肿瘤后出现 TFF1 广泛表达证明其在肿瘤发生发
展过程可能具有重要作用。 
第一部分 PIEZO1 与 TFF1 结合作用的验证 
目的：确认 PIEZO1 与 TFF1 结合作用及结合位点。  
方法：选用 TFF1 内源性高表达 GES-1 细胞行免疫共沉淀分析确定 PIEZO1 与
TFF1 结合作用。同时构建带 HA 标签 TFF1-3 表达质粒转染至 GES-1 细胞，细
胞裂解液经与 HA 偶联琼脂糖珠免疫沉淀后用 Piezo1 抗体行 Western Blot 检测。
GES-1 细胞中转染 TFF1-HA 表达质粒后经 Piezo1、HA 抗体及荧光二抗孵育后
行激光共聚焦检测。构建3种带MYC标签截短型Piezo1表达质粒Piezo1-N（1-730
氨基酸）、Piezo1-M(731-1984 氨基酸)、Piezo1-C（1985-2566 氨基酸），分别与
TFF1-HA 质粒转染至 293FT 细胞，细胞裂解液经与 HA 偶联琼脂糖珠免疫沉淀
后用 MYC 抗体行 Western Blot 检测。 
结果：GES-1 细胞裂解液经 TFF1 抗体免疫沉淀后可检测到特异性 Piezo1 条带。
在分别转染 HA 标签 TFF1-3 表达质粒的 GES-1 细胞裂解液经 HA 抗体免疫沉淀
后，只有转染 TFF1-HA 能检测到 Piezo1 条带。TFF1 与 Piezo1 在 GES-1 细胞胞
浆中有共定位现象。3 种 MYC 标签截短型 Piezo1 质粒分别与 TFF1-HA 转染至
293FT 细胞经 HA 抗体免疫沉淀后，只有转染 Piezo1-C 能检测到阳性条带。 
















第二部分 Piezo1 在胃癌组织中表达检测及对胃癌细胞抗凋亡能力的影响 
目的：明确 Piezo1 在胃癌组织及癌旁正常组织中表达有无差异及干扰 Piezo1 后
对胃癌细胞株 SGC-7901 抗凋亡能力的影响。  
方法：实时定量 PCR 检测胃癌组织及癌旁正常组织中 Piezo1 mRNA 水平表达差
异。在 SGC-7901 细胞中稳定干扰 Piezo1 的表达，通过流式细胞技术检测细胞抗
凋亡能力的变化。 
结果：在胃癌组织及癌旁正常组织中，Piezo1 表达水平无明显差异。SGC7901
细胞中稳定干扰 Piezo1 表达后增加细胞抗凋亡能力（P<0.05）。 
结论：Piezo1 的表达在胃癌组织及癌旁正常组织中无差异。干扰 Piezo1 后可增
加细胞抗凋亡能力。 
 
第三部分 干扰 Piezo1 抑制 TFF1 促细胞迁移作用 
目的：明确 Piezo1 与 TFF1 相互作用对胃癌细胞迁徙作用的影响。  
方法：分别构建 BGC-823 及 SGC-7901 稳定干扰 Piezo1 细胞株及对照细胞株，
在干扰基础上再二次筛选过表达 TFF1 细胞株及对照细胞株，构建四种细胞株：
过表达 TFF1 细胞株(pU6-TFF1)，干扰 Piezo1 细胞株(siPiezo1-HA)，对照细胞株
(pU6-HA)以及干扰 Piezo1+过表达 TFF1 细胞株(siPiezo1-TFF1)。两类细胞四种细
胞株分别行划痕与 Transwell 实验，并行 Western-Blot 检测 integrin β1，β5，α1
及 E-cadherin/β-catenin 表达改变。 
结果：成功构建过表达 TFF1 细胞株 (pU6-TFF1)，干扰 Piezo1 细胞株
(siPiezo1-HA)，对照细胞株(pU6-HA)以及干扰 Piezo1+过表达 TFF1 细胞株
(siPiezo1-TFF1)。划痕实验结果示干扰 Piezo1 表达后显著减弱细胞迁移能力
(SGC-7901: siPiezo1-HA 55%±12% compared with pU6-HA 100%±14%; p<0.05; 
BGC-823: siPiezo1-HA 43%±15% compared with pU6-HA 100%±17%; p<0.01)及
TFF1 过表达引起的促迁移作用，(SGC-7901: siPiezo1-TFF1 74%±15% compared 
with pU6-TFF1 143%±12%; p<0.05; BGC-823: siPiezo1-TFF1 55%±17% compared 
with pU6-TFF1 132%±30%; p<0.05) ，干扰 Piezo1 后可显著减低 TFF1 引起促迁
移 作 用 (SGC-7901: siPiezo1-TFF1 74%±15% compared with siPiezo1-HA 
55%±12%; p>0.05;BGC-823: siPiezo1-TFF1 55%±17% compared with siPiezo1-HA 















后可减少 integrin β1 表达，过表达 TFF1 后可增加 integrin α1 表达，干扰 Piezo1
及过表达 TFF1 对 E-cadherin/β-catenin 表达无显著影响。 
 
结论：Piezo1 对细胞迁移具有重要作用，干扰 Piezo1 后可抑制 TFF1 过表达引
起的促迁移作用。  
 






















The trefoil factor family (TFF) comprises a group of small (12 – 22 kD) peptides, 
seem crucial for epithelial protection and restitution, especially on mucosal surfaces, 
and they utilize pathways different from the conventional peptides engaged in 
restitution, suggesting a unique role of the TFFs in this process.In the GI tract, TFF1 
is highly expressed in gastric surface epithelial cells including the gastric pits and 
minimally expressed in the upper parts of Brunner’s glands. The phenotype of mice 
deficient in TFF1 and the finding that TFF1 expression was decreased in nearly 50% 
of all human gastric cancers suggested that TFF1 may be a tumor suppressor gene. 
TFF1 and other TFF family members are up-regulated and secreted in an autocrine 
and/or paracrine manner in response to inflammation and gastrointestinal damage. 
Elevated expression of TFFs maintains the integrity of epithelial cells by induction of 
cell migration while preventing anoikis during the migration process. In addition to 
transient increased expression of TFF1 by cell injury and inflammation in the 
gastrointestinal tract, elevated expression of TFF1 has been observed in a variety of 
carcinomas including colon, lung, pancreas, prostate, and breast. The widespread 
expression of TFF1 in carcinomas derived from tissues that are normally TFF1 
negative suggests that it may possess a function in neoplastic progression. 
Part I: Verification on the interaction between trefoil factor 1 and 
Piezo1 
Objective: To determine whether TFF1 and Piezo1 interact in vitro and the binding 
site for the TFF1 and Piezo1 proteins. 
Methods: We used endogenously express high levels of TFF1 protein for 
co-immunoprecipitation analysis and transfected the TFF1, TFF2 or TFF3 expression 
plasmids with an HA tag into GES-1 cells for 48 h. The cell lysates were then 
incubated with glutathione-sepharose beads, and the proteins were 
immunoprecipitated with an anti-HA antibody followed by western blot analysis with 















transfected with TFF1-overexpressing constructs were incubated with anti-HA and 
anti-Piezo1 antibodies followed by fluorochrome-conjugated secondary antibodies 
and detected. We created truncation constructs encoding the C-terminal end of Piezo1 
(Piezo1-C, corresponding to amino acids 1985-2566) or the N-terminal of Piezo1 
(Piezo1-N, amino acids 1-730), as well as constructs without the N- and C-terminals 
of Piezo1 (Piezo1-M, amino acids731-1984), We co-expressed myc-tagged Piezo1-N, 
M, and C with HA-tagged TFF1 in 293T cells and immunoprecipitated TFF1 using 
glutathione-sepharose beads with the anti-HA antibody and detected by anti-MYC 
antibody. 
Results: Specific endogenous binding of Piezo1 and TFF1 was detected in GES-1 
cells. TFF1, but not TFF2 or TFF3, was efficiently co-precipitated with Piezo1. TFF1 
and Piezo1 were co-localized in the cytoplasm of GES-1 cells. Piezo1-C, but not 
Piezo1-N or Piezo1-M, was efficiently co-precipitated with TFF1. 
Conclusion: TFF1, but not TFF2 or TFF3, bind to and co-localize with Piezo1 in the 
cytoplasm in vitro. TFF1 interacts with the C-terminal portion of the Piezo1 protein. 
Part II: Expression level of Piezo1 in gastric cancer and the function 
of Piezo1 in gastric cancer cells 
Objective: To investigated the expression level of Piezo1 in gastric cancer and to 
investigate the function of Piezo1 in gastric cancer SGC-7901 cell line. 
Methods: Piezo1 mRNA expression levels were analyzed in primary gastric cancer 
tissues, adjacent noncancerous gastric tissues using quantitative polymerase chain 
reaction. Flow cytometric analysis were used to evaluated anti-apoptotic capacities in 
the gastric cancer SGC-7901 cell line, which has stably silenced Piezo1 protein 
expression. 
Results: Our results showed that mRNA expression levels of the Piezo1 gene did not 
differ significantly between primary gastric cancer tissues and adjacent noncancerous 
gastric tissues. Results of the flow cytometric analysis showed increased 
anti-apoptotic capacities in the Piezo1 knockdown gastric cancer SGC-7901 cell line. 















cancer tissues and adjacent noncancerous gastric tissues. Piezo1 knockdown  
increased anti-apoptotic capacities. 
Part III: Piezo1 knockdown attenuates the migratory effect of TFF1 
Objective: To determine the functional interaction between Piezo1 and TFF1 affects 
gastric cancer cell motility. 
Methods: We used stable RNA interference (RNAi) to knockdown Piezo1 protein 
expression and restored the expression of TFF1 in the gastric cancer cell lines 
SGC-7901 and BGC-823. we constructed the following 8 of SGC-7901 and BGC-823 
populations: cells overexpressing TFF1 (pU6-TFF1), Piezo1-knockdown cells 
(siPiezo1-HA), control cells transfected with an empty vector (pU6-HA), and cells 
stably expressing TFF1 with a knockdown of Piezo1 (siPiezo1-TFF1). Western blot 
analyses detected the effects of Piezo1 knockdown and TFF1 overexpression.Wound 
healing and trans-well assays were performed to assessed cell motility. 
Results: The width of the wound was measured at the beginning of the assay and 24 h 
after the wound was administered. Downregulation of Piezo1 significantly decreased 
wound closure 24 h after wounding in the TFF-overexpressing (SGC-7901: 
siPiezo1-TFF1 74%±15% compared with pU6-TFF1 143%±12%; p<0.05; BGC-823: 
siPiezo1-TFF1 55%±17% compared with pU6-TFF1 132%±30%; p<0.05) and control 
groups(SGC-7901: siPiezo1-HA 55%±12% compared with pU6-HA 100%±14%; 
p<0.05; BGC-823: siPiezo1-HA 43%±15% compared with pU6-HA 100%±17%; 
p<0.01). There was no significant increase in the migration of TFF1-overexpressing 
cells with a knockdown of Piezo1 compared with the control group (SGC-7901: 
siPiezo1-TFF1 74%±15% compared with siPiezo1-HA 55%±12%; p>0.05;BGC-823: 
siPiezo1-TFF1 55%±17% compared with siPiezo1-HA 43%±15%; p>0.05).We also 
used chamber migration arrays to determine the effect of Piezo1 knockdown and 
TFF1 overexpression on gastric cancer cell motility, and the cell numbers were 
counted using a microscope. Piezo1 knockdown decreased cell migration and 
attenuated the positive migratory effect of TFF1, which was consistent with the results 















β1 in Piezo1-knockdown cells, whereas in TFF1-overexpressing cells, we observed 
the increased expression of integrin α1. The expression of E-cadherin/β-catenin had 
no significantly changed association by overexpression of TFF1 and knock-down 
Piezo1 
Conclusion: Piezo1 is essential for TFF1-enhanced gastric cancer cell migration and 
showed the alteration of  integrin subunits expression. 
 















前  言 
1 
前  言 
上世纪 80 年代，3 个具有相似氨基酸序列及生长因子活性小分子多肽被陆续
发现[2-4]，他们均含有一个类似结构域，由六个半胱氨酸残基通过二硫键折叠成
三叶草性状，故被命名为三叶因子家族（Trefoil Family Factor, TFF）[5]。 
TFF2 是第一个被发现的三叶因子家族成员，在猪胰岛纯化胰岛素过程被发
现。初期实验证实 TFF2 具有抑制胃蠕动及胃酸分泌功能，因此又被命名解痉挛
多肽（Pancreatic Spasmolytic Polypeptide, PSP），TFF2 含有 106aa,分子量为
12KD[6]。TFF1 最初在雌激素诱导乳腺癌细胞中发现，又被命名为人乳腺癌相关
肽 2（hpS2）[7]，TFF1 以单体或二聚体形式存在，分子量分别为 6.5KD 与 14KD。
TFF3 最初克隆自大鼠小肠上皮细胞，故被命名为肠三叶因子（Intestinal Trefoil 




三叶肽家族均拥有保守的三叶肽结构域，该结构域含有 42 或 43 个氨基酸残
基通过 6 个半胱氨酸残基以 1-5，2-4，3-6 的交联方式形成二硫键，通过二硫键
形成紧凑的三环结构[5]。二级结构的特征为一个短螺旋（short helix）与相邻的
二个 β-折叠形成一个反向平行的 β片层[10]。哺乳动物三叶肽中，TFF1 和 TFF3
包含了 1 个三叶肽结构域，TFF2 含有 2 个三叶肽结构域。TFF1 三叶肽结构域含
有 42 个氨基酸残基（Thr6 to Pro47），TFF1 通过 Cys58 形成分子间二硫键形成
同源二聚体或与其他蛋白共同形成 25kd 的复合物。 
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